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ABSTRACT 



Context. Most globular clusters are believed to host a single stellar population. They can thus be considered a good place to study 
the Spite plateau and to search for possible evolutionary modifications of the Li content. 

Aims. We want to determine the Li content of subgiant (SG) and main sequence (MS) stars of the old, metal-poor globular cluster 
NGC 6397. This work was aimed not only at studying possible Li abundance variations but also to investigate the cosmological Li 
discrepancy. 

Methods. Here, we present FLAMES/GIRAFFE observations of a sample of 84 SG and 79 MS stars in NGC 6397 selected in a 
narrow range of B - V colour and, therefore, effective temperatures. We determine both effective temperatures and Li abundances 
using three-dimensional hydrodynamical model atmospheres for all the MS and SG stars of the sample. 

Results. We find a significant difference in the Li abundance between SG stars and MS stars, the SG stars having an abundance higher 
by almost 0. 1 dex on average. We also find a decrease in the lithium abundance with decreasing effective temperature, both in MS and 
SG stars, albeit with a significantly different slope for the two classes of stars. This suggests that the lithium abundance in these stars 
is, indeed, altered by some process, which is temperature-dependent. 

Conclusions. The lithium abundance pattern observed in NGC 6397 is different from what is found among field stars, casting some 
doubt on the use of globular cluster stars as representative of Population II with respect to the lithium abundance. None of the available 
theories of Li depletion appears to satisfactorily describe our observations. 



Key words. Stars: abundances 
clusters: individual: NGC 6397 



Stars: atmospheres - Stars: fundamental parameters - Stars: Population II - (Galaxy:) globular 



^ 1. Introduction 



The old, metal-poor dwarf stars of the Galactic halo share ap- 
proximately the same Li abundan ce, irrespective of the ir metal- 
licity or effective temperature (Spit e & Spitd [l9~82alfbl) . This 
plateau of lithium was believed to provide evidence of a primor- 
dial Li abundance. The WMAP satellite has been able to mea- 
sure with high accuracy the baryonic densi ty from the fluctua - 
tions of the cosmic microwave background ( Spergel et al. 2007). 
This result implies a primordial Li abu ndance of log(Li/H) + 
12 = 2.72 + 0.06 dCvburt et all 120081) whereas the observed 
Li abundances in metal-poor dwarfs are in the range 2.0-2.4 
(seelSbordone et aT 2008: Bonifac io et al.l2007atlAsplund et al.~l 
2006; ICharbonnel & Primasl 120051; iMelende z & Ramirez 2004, 
and references therein). This discrepancy may be trivially solved 
if the Spite plateau does not represent the primordial Li abun- 
dance. In this case the amount of lithium in the atmospheres of 
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all ancient stars, of all masses and metallicities, must have been 
uniformly depleted by at least a factor of three. 

Possible explanations of this difference are: (a) the first 
generation of stars, Population III stars, could have processed 
some fraction of the halo gas, lowering the lithium abundance 
dPiau et alj 120061) ; (b) the primordial Li abundance has been 
uniformly depleted in the atmospheres of metal-poor dwarfs 
by some physical mechanism (e.g. turbulent diffusion as in 
iRicha rd et al. 2005; Kor n et all 120061: gravitational waves as in 
ICharbonnel & Talon 2005, etc.); (c) the standard Big Bang nu- 
cleosynthesis (SBBN) calculations should be revis ed, possi- 
bly with the introduction of n e w physics (see e.g . iJeda mzik 
12001 [20061: Uittoh et alJ 12001: iHisano etalJ 120091) . The ob- 
served Li abundances, A(Li), in metal-poor stars appear to 
show a very well defined plateau with very little dispersion 
at relatively high metallicities, whereas at low metallicities 
there seems to be an increased scatt er, or perhaps even a 
sharp down turn in the Li abundances ([Bo nifacio et al. 2007a; 
iGonzalez Hernandez et a l. 2008; Sbor done et al.ll2008h . The ex- 
istence of a slope in A(Li) versus [Fe/H] would exacerbate the 
discrepancy between Li abundance in metal-poor stars and the 
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Fig. 1. Histograms of observed equivalent width of the lithium doublet 
at 670.8 ran in MS and SG stars in the globular cluster NGC 6397. 
Histograms of the equivalent width of Li line are displayed in bins of 
0.5 pm for MS stars (solid line) and SG stars (dashed-dotted line). 



WMAP predictions dBonifacio et all l2007aL The issue of the 
slope in the plateau is somewhat elusive and different groups 
reach diffe rent conclusions, depending on the adopted tempera- 
ture scale (fMelende z & Rairurezll2004l) . 

Globular clusters (GCs) were initially considered to be a 
good place to investigate the Sp i te pla t eau (Molaro & Pasquini 
1 1994t IPasquini & Molarol 1 19961 Il997t lBoesgaard et al.il 19981) . 
since the classical paradigm was that GCs are made of a sin- 
gle stellar population. The discovery of cor relations among ele- 
mental abundances in turn-off (TO) stars dGratton et alJ feOOl) 
and in particular the presence of a Li-N a anti-correlation 
dPasquini et alj|2005t iBonifacio et al.ll2007bl) . showed the need 
for the presence of different stellar populations, capable of nu- 
cleosynthetic activity and variable amounts of pollution of the 
presently observable stars. Such signatures are not found among 
field stars and are peculiar to GCs. This makes the perspective 
of using GCs to investigate the Spite plateau meagre. 

Among the observed GCs, NGC 6397 occupies a special 
role, in the sense that the Li abundance among non-evolved stars 
is ve ry homogeneous dThevenin et a D 120011: [Bonifacio et al. 
|2002|). at variance with what is observed in NGC 6752 



(Pasq uini et al|l2005l) and 47 Tuc dBonifacio et alj2007bl). More 



recent studies (IKorn et al.ll2006l 120071) have claimed a tiny vari- 
ation of A(Li) along the subgiant branch, in the sense of higher 
A(Li) being found for lower values. This variation is how- 
ever quite small compared to what is observed in NGC 6752 and 
47 Tuc. 

In this Letter we present the result of the analysis of the first 
observations of Li in main sequence (MS) stars of a globular 
cluster. 



2. Observations 

We integrated NGC 6397 over 15 hours with the multi -object 
spectrograph FLAMES -GIRAFFE dPasquini et alj|2002l) at the 
European Southern Observatory (ESO), using the 8.2-m Very 
Large Telescope, on 2007 April- July, covering the spectral range 
^6400-6800 A at a resolving power A/ 6 A ~ 17,000. The tar- 
gets were selected using our own calibrated Johnson-Cousins B, 
V photometry, based on public images (ESO program 163.0- 
0741(C)) obtained with WFI at the ESO/MPI 2.2m telescope on 
14 May 1999. We chose SG and MS stars in the colour range 



B — V = 0.6 ± 0.03, thus ensuring a narrow r e ff range (see 
Fig. [3] online). By swapping the fibres on the SGs we man- 
aged to observe over 9 hours for about 80 MS stars and 2.5 
hours for roughly the same number of SGs. The resulting S/N 
ratio ~ 80 - 130 is the same for both sets of stars. The spec- 
tra were reduced using the ESO Giraffe pipeline, version 2.5.3. 
A combined spectrum of all sky fiber spectra in each night was 
properly subtracted from each individual spectrum. We then cor- 
rected each spectrum for the earth velocity and combined all the 
spectra of the same target (see the quality of the spectra in Fig. [4] 
online). Each star spectrum was corrected for its radial velocity, 
providing a mean cluster radial velocity of V rc = 18.5 km s . 
We removed all stars, considered as cluster non-members, with 
I V r - V nc I > 3o> rc , where cry rc is the radial velocity dispersion 
(3.7 km s- 1 ). We ended up with 79 MS (orginally 80) and 84 SG 
(88). 

3. Analysis and results 

The narrow range in effective temperatures ensures that the un- 
certainty in the comparisons between MS and SG stars is dom- 
inated by the error on the measured equivalent width (EW) of 
the Li doublet line. These were measured by fitting the observed 
Li line profile with synthet ic profiles of the Li do ublet, as previ- 
ously done for this cluster (Bonifa cio et al.l l2002). The EW mea- 
surements show (Fig. [T]i that SGs have, on average, larger EWs 
of the Li doublet than MS stars (see the accuracy of our fitting 
procedure in Fig. [10] online). Although there is a slight depen- 
dence of the B - V colour on surface gravity, and a SG star of a 
given colour is indeed cooler than a MS star of the same colour 
(~ 90 K at B - V = 0.6), the difference displayed in Fig.Q]is too 
large to be explained in this way. The weighted mean of the EW 
is 2.97 + 0.02 pm and 4.06 + 0.01 pm for MSs and SGs, respec- 
tively. The difference in the mean EW values is of about 1 . 1 pm 
which would require a mean T e g difference of ~ 210 K. Prior 
to any model-dependent analysis, this clearly points towards the 
SGs having a higher Li abundance than the MSs. This is similar 
to what is found among field stars, where the Li abundance ap- 
pears to be about 0.04 dex higher i n turn-off and SG stars than in 
MSs dCharbonnel & Primasll2005l) . 

We derived T e s by fitting the observed Ha line profile 
with synthetic profiles, using 3D hydrodyn amical model atmo- 
spheres computed with the CO 5 BOLD code (Freytag et al. 2002; 
IWedemever et al.ll2.Q04f) . The ability of 3D models to re p roduc e 
Balmer fine profiles has been shown in Beha ra et al.l (|2009), 
where the Ha profiles of the Sun, and the metal-poor stars HD 
84937, HD 74000 and HD 14 0283 were investigat ed. From a 
purely theoretical point of view lLudwig et al] (|2009) quantified 
the differences in using ID or 3D models for Balmer line fit- 
ting (see the accuracy of our fitting procedure in Fig. [9] online). 
In the online Table Q] we provide information on the 3D model 
atmospheres used in this work. Self-broadening of the Ha line 
was c alculated according to Barklem's theory (Barklem et al. 
2000). Stark broad ening was calculated following Griem's the- 
ories dGri em 1960) wit h corr ections to approximate the Vidal et 
al. profiles dVidal et al.ll 1973b . Fixed values for the surface grav- 
ity were adopted for both SG and MS stars in the sample, ac- 
cording to the values that best match the p osition of the stars on 
a 12 Gyr isochrone dStraniero et alj[l997l) . The adopted values 
were log(g/cm s 2 ) = 4.40 and 3.85 for MSs and SGs, respec- 
tively. This choice of the surface gravity is supported by the 1 .6 
magnitude difference in the V-filter between SGs and MSs in the 
sample. The Li abundances were derived using the same 3D hy- 
drodynamical model atmospheres. The line formation of Li was 
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treated in non-local thermodynamical equili brium (NLTE) using 
the same code and model atom used in Cayrel et al. (2007). The 
model atom consists of 8 energy levels and 1 1 transitions. Full 
details will be given in Sbordone et al. (in preparation). To derive 
3D-NLTE Li abundances we used the analytical fit as a function 
of stellar parameters and EW also provided in Sbordone et al. (in 
preparation). The analysis was also done with ID model atmo- 
spheres, providing essentially the same picture, a lthough T e g in 
ID sh ow lower values. We also tried using the ICarlsson et alj 
d 19941) NLTE corrections, rather than our own, with no signifi- 
cant difference in the general picture. 

In Fig. |2] we display the derived Li abundances versus the 
effective temperatures of MSs and SGs of the globular cluster 
NGC 6397. The Li abundance decreases with decreasing tem- 
perature, although more rapidly for MSs than for SGs. This 
Li abunda nce pattern is different from what is found among 
field stars dMelendez & Ramirez! 120041; iBonifacio etaLll2007at 
lGonzalez~ Hernand ez et al.ll2008l) . The lithium-temperature cor- 
relations have a probability of 99.9% and 99.5% for MSs and 
SGs, respectively, according to the non parametric rank correla- 
tion test, Kendall's r test. We performed a Kolmogorov-Smirnov 
test and obtained a probability of 8 x 10~ 6 . Therefore, the pos- 
sibility that the two sets (MSs and SGs) have been drawn from 
the same population (same Li abundance) can be rejected. Even 
ignoring the trend in A(Li) one can deduce that there is a real 
difference in the A(Li) of MSs and SGs by computing the mean 
A(Li) and the standard deviation of the mean for the two sam- 
ples. For SGs we find 2.37 + 0.01, while for MSs 2.30 ± 0.01 
Such a result is also evident in the analysis of iLind et al.1 (2009) 
who find only a 0.03 dex difference between the mean A(Li) 
in MSs and SGs, which is still significant at lcr. The signal 
is partly erased by t he ve ry narrow range of T e ff for MSs de- 
duced by lOsdet^] (H009l) (~ 80 K) compared to the wide range 
(~ 450 K) for the SGs (see Fig. |7). Such a difference in the 
r e ff range spanned by MSs and SGs is inconsistent with the very 
similar B - V colours of the two sets of stars. In Fig. [8] online, 
the lack of correlation between colour and is fully com- 
patible with the photo metric and redde ning uncertainties. The 
r e ff values adopted bv lLind et al.l d2009l) for the MSs are on the 
lower r e ff side of the range spanned by the sample; this results 
in an artificial increase of the deduced A(Li) for the MSs, which 
reduces the difference with SGs, without totally era sing it. We 
conjec ture that this is because the T e g estimates of ILind et alj 
(2009) are derived by interpolating our V magnitudes onto the 
cluster fiducial sequence, ignoring any colour information. This 
necessarily compresses the r er y scale into a range smaller than 
what is implied by the range in colour, when photometric errors 
and variations in reddening are taken into account. 

4. Discussion and conclusions 

Our results imply unambiguously that the Li surface abundance 
changes with evolutionary status. The fact that A(Li) is higher 
in SG stars suggests a scenario in which lithium sinks be- 
low the photosphere during the MS phase, but to a depth low 
enough to prevent Li distruction, so that it can be restored in 
the photosphere, when the stars evolve beyond the TO. The 
slope of A(Li) with T e $ among MS stars suggests that the 
amount by which Li is depleted in the atmospheres is differ- 
ent for stars of different mass (r er f on the MS). The similar 
slope found among SG stars suggests that after being restored 
in the atmosphere at the TO, lithium is then decreased by some 
other mechanism, possibly mixing linked to the convective mo- 
tions which are more pronounced for the cooler r er f of the 
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Fig. 2. 3D NLTE Li abundances versus 3D effective temperatures of 
the observed MS (filled circles) and SG (open circles) stars together 
with Li isochrones for different turbulent diffusion models. The stars 
have been divided into five effective temperature bins. The error bar in 
A(Li) shows the dispersion divided by the square root of the number 
of stars in each bin. In each isochrone, the dashed and solid stretch of 
the line shows the Li abundance in MS and SG stars, respectively. The 
horizontal dashed line depicts the cosmological Li abundance. 



SGs. Although the above described scenario is plausible, we 
have so far no detailed understanding of the physical processes 
that bring it about. Diffusive processes may alter the elemen- 
tal composition of stars. Diffusion has been stu died for decades 
dAller & Chapman|[l960l; iMichaud et~ai]|l984l) . but only a few 
years ago, detailed element-by-element predictions from mod- 
els including effects of atom ic diffusion and rad iative accelera- 
tions have become available (Rich ard et al.l l2002). These models 
produced strong abundance trends that are not compatible with 
the Spite plateau, and only with the recent inclusion of turbu- 
lent mixing, some of the model p redictions roughly agree with 
observations dRichard et alj|2005l) . 

Pure diffusion models (Richa rd"et alj |2005), with no turbu- 
lence, predict A(Li) differences as large as 0.4 dex between MSs 
and SGs of the same age and temperature. The inclusion of tur- 
bulence can change this trend, and the SGs may exhibit a A(Li) 
which is higher, lower, or almost equal to that of the MSs, de- 
pending on the precise value of the turbulence parameter. 

In Fig. [2] we show the Li isochrones for different turbu- 
lent diffusion models (Richard et al. 2005). These models have 
been shifted up by 0.14 dex in Li abundance to make the 
initial abundance of the models, log(Li/H) = 2.58, coincide 
with the primordial Li abundance predicted from fluctuations 
of the microwave b ackground measured by the WMAP satellite 
(ICvburt et al.ll2008h . 

The models assuming pure atomic diffusion, and, among 
those including turbulent mixing, T6.0 and T6.09, are ruled out 
by our observations. All such models predict that in MS stars Li 
should be either more abundant or the same as in subgiant stars. 
The only model that predicts a A(Li) pattern which is qualita- 
tively similar to that observed, is the T6.25 model. For this model 
there is a trend of decreasing A(Li) with decreasing r er f and at 
the cool side MSs show less Li than SGs. However, the model 
fails quantitatively because A(Li) of the warmest stars is about 
0.05 dex lower than what is observed. The slope of A(Li) with 
r er f is not perfectly reproduced. Models tha t include atomic dif- 
fusion and tachocline mixing dPiaul 120081) do not seem to re- 
produce our observations, since they provide a constant A(Li) 
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up to 5500 K. The sophisticated models that, besides diffusion 
and rotatio n, also take into account th e effect of internal grav- 
ity waves dTalon & Charbonnel 120041) . seem to accurately pre- 
dict the A(Li) pattern in s olar-type stars, at solar metallicity 
dCharbonnel & Talonll2005l) . However, Li isochrones have not 
yet been computed for Population II stars. Our observations call 
for new investigations into the stellar physics, including grav- 
ity waves, atomic diffusion, winds and turbulent mixing. The Li 
abundance pattern uncovered by our observations has not been 
observed in field stars and opens up the possibility that it may 
be peculiar to globular clusters, or, perhaps, to NGC 6397. The 
cosmological lithium problem still awaits a solution. 

Our results indicate a decrease of Li abundance along the 
subgiant branch, as the stars become cooler and sli ghtly more 
luminous. Th is is at variance with wh at was found bv lKorn et al.l 
(120071 120061) and iLind et all d2009t) . who find, instead, an in- 
crease in A(Li) in the same region of the colour-magnitude di- 
agram. We note that the latter authors used our own data, as 
retrieved from the ESO archive. The difference is mainly in 
the different r e ff scales used by the different investigations. 
ILind et all d2009l) also estimate slightly different EWs for our 
sample. The difference between their and our weighted mean 
EWs is -0.08 + 0.02 pm and -0.08 ± 0.03 pm for SG and 
MS stars, respectively (see also Fig. |5]online) The difference is 
smaller than the mean error in the EW measuremen ts (~ 0.2 pm 
in this work and ~ 0.35 - 0.4 pm in lLind et alj|2009l) . suggesting 
that the two sets of measurements are fully consistent. To ver- 
ify that the differences in EWs are irrelevant to our conclusions 
we adopted the Lind et al. EWs and our T e ff to compute A(Li): 
our main conclusions are unchanged. This reinforces our claim 
that t he difference li es in the T e ff scale. The difference in A(Li) 
that lKornetail d2006l) find between turn-off (TO) and SG stars 
is driven by the very low r e ff they find at the TO. This is in- 
consistent with our Ha fitting. Our stars are cooler than the TO 
but we find higher T e g than the TO stars in iKorn et al.l (|2006). 
We also determined ID T e g using Ha profiles (see Fig. [6] on- 
line). 3D and ID T e g, Li abundances and EWs of the stars in 
our sample are given in the Table 2 online. We compare these 
T e g with the colour temperatures derived from our B - V pho- 
tometry and the colo ur calibration, based on the infrared flu x 
method (IRFM) from Gonza lez Hernandez & Bonifacio (2009). 
Adopting a mean re ddening for the cluster of E(B - V)=0.186 
(Grattonet al. 2003), we find that for our sample of MS stars 
the mean IRFM effective temperature is 6262 K, to be com- 
pared with 6047 K and 6296 K of our ID and 3D Ha temper- 
atures, respectively. The temperature spread, using both ID and 
3D Ha fitting, is also considerably larger, by a factor of two. 
That IRFM provides higher T e g than ID Ha is well established 
dGonzalez Hern andez & Bonifacio 2009). We repeated the anal- 
ysis also with ID model atmospheres, and the results are quali- 
tatively similar: higher A(Li) for SG stars and decreasing A(Li) 
for decreasing T e g. The first result is very robust, since it can be 
deduced directly from the distribution of Li EWs. The second 
relies on our ability to model stellar atmospheres. To the extent 
that our 3D hydrodynamical models are a good description of a 
stellar atmosphere, the second result is robust as well. The issue 
of the behaviour of A(Li) with T e g ultimately depends on the 
J e ff scale adopted. This could be solved if we had a direct mea- 
sure of the angular diameters of metal-poor MSs and SGs. This 
is probably beyond the reach of present-day interferometers. 

NGC 6397 appears to have a higher Li content than field stars 
of the same metallicity. This needs to be confirmed by a homo- 
geneous analysis of field stars, with the same models and meth- 
ods. This may or may not be related to the fact that this cluster 



is nitrogen rich, com pared to field stars of the same metallicity 
dPasquini et alj|2008l) . 
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Fig. 3. Colour-magnitude diagram of the cluster NGC 6397. The stars 
studied in this work are depicted in small filled squares. 

Table 1. Details of the 3D hydrodynamical model atmospheres. 



[K] 


[cgs] 


[Fe/H] 
[dex] 


Time* 
M 


Snapshots 


5500 


3.5 


-2 


46800 


20 


5470 


4.0 


-2 


33800 


20 


5480 


4.5 


-2 


57000 


20 


5860 


3.5 


-2 


112000 


20 


5860 


4.0 


-2 


30000 


20 


5920 


4.5 


-2 


24500 


18 


6290 


3.5 


-2 


82800 


18 


6280 


4.0 


-2 


27600 


16 


6320 


4.5 


-2 


9100 


19 


6530 


4.0 


-2 


49200 


20 


6530 


4.5 


-2 


9100 


19 



" Temporal average of the emergent T cff . 

b Total time covered by the temporal evolution of the photospheric 
flow sampled at equal intervals in time named as snapshots. 
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Fig. 4. Observed GIRAFFE/FLAMES spectra of a dwarf star 
MSS005634 (bottom, S/N = 102) and a subgiant star SGB002930 (top, 
S/N = 1 1 l)of the globular cluster NGC 6397. 
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Fig. 5. Comparison between the equivalent widths derived in this work 
and those provided by Lind et al. (2009). Filled circles and open circles 
correspond to dwarf and subgiant stars, respectively. 
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Fig. 6. Comparison between 3D and ID effective temperatures of the 
observed stars. Filled circles and open circles correspond to dwarf and 
subgiant stars, respectively. The dashed line shows the one-to-one rela- 
tionship. 
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Fig. 9. Observed GIRAFFE/FLAMES Ha profile fitted with a synthetic 3D profile for a dwarf star MSS005634 (left panel, S/N = 102, r eff , 3D 
6327 K) and for a subgiant star SGB002930 (right panel, S/N = 1 1 1, r eff-3D = 6126 K). 
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Fig. 10. Observed spectra of two dwarf stars, MSS005634 (top-left panel, S/N = 102, EW(Li) = 32.21 mA) and MSS006561 (top-right panel, 
S/N = 71, EW(Li) = 27.97 mA) and two subgiant stars, SGB002930 (bottom-left panel, S/N = 111, EW(Li) = 36.83 mA) and SGB004904 
(bottom-left panel, S/N = 68, EW(Li) = 48.52 mA), showing the fit of the Li line with a synthetic profile. 
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Table 2. Photometric data of the dwarf and subgiant stars of the globular cluster NGC 6397. We also provide the signal-to-noise of the spectra, the 
3D and ID Ha-based effective temperatures, 3D Li abundances, and the equivalent widths and errors: "Error of the equivalent width measurements 
estimated from a fitting routine that uses as free parameters the velocity shift, the continuum location, and the equivalent width of the Li line. b Error 
of the equivalent width associated to the signal-to-noise ratio and the wavelength dispersion of the spectra, derived using Cayrel's formula dCavrell 
119881) . 



Star Name 


V 


B—V 


SNR 


■•eff,3D 




EW 


SEW 


SEW h 


A(Li)NLTE.3D 










(K) 


(K) 


(mA) 


(mA) 


(mA) 


(dex) 


MSS001253 


17.48 


0.612 


84 


6279 


6032 


32.89 


2.06 


3.15 


2.34 


MSS001851 


17.38 


0.588 


86 


6278 


6033 


24.15 


1.97 


3.10 


2.19 


MSS002016 


17.37 


0.576 


107 


6241 


5971 


22.32 


1.79 


2.48 


2.13 


MSS002882 


17.40 


0.598 


83 


6299 


6059 


22.12 


2.03 


3.18 


2.17 


MSS002984 


17.40 


0.627 


84 


6365 


6118 


24.06 


2.05 


3.14 


2.25 


MSS003361 


17.32 


0.600 


85 


6482 


6296 


34.06 


1.78 


3.10 


2.51 


MSS004052 


17.36 


0.586 


115 


6352 


6099 


30.99 


1.69 


2.31 


2.37 


MSS004099 


17.38 


0.597 


82 


6265 


6017 


33.21 


1.92 


3.22 


2.34 


MSS004509 


17.50 


0.597 


84 


6318 


6081 


31.94 


2.17 


3.17 


2.36 


MSS004829 


17.44 


0.608 


80 


6268 


6019 


27.61 


2.31 


3.32 


2.25 


MSS005245 


17.30 


0.596 


115 


6370 


6127 


28.38 


1.78 


2.31 


2.34 


MSS005478 


17.39 


0.587 


89 


6229 


5959 


41.40 


1.79 


2.97 


2.42 


MSS005528 


17.34 


0.588 


90 


6375 


6137 


25.08 


1.94 


2.96 


2.28 


MSS005634 


17.41 


0.580 


102 


6327 


6093 


32.21 


1.90 


2.60 


2.37 


MSS005657 


17.31 


0.584 


92 


6420 


6218 


38.46 


2.23 


2.87 


2.52 


MSS005755 


17.45 


0.600 


97 


6170 


5890 


33.90 


2.07 


2.72 


2.28 


MSS006049 


17.43 


0.581 


83 


6289 


6046 


21.07 


0.60 


3.19 


2.14 


MSS006056 


17.37 


0.572 


95 


6406 


6167 


27.51 


1.41 


2.79 


2.35 


MSS006236 


17.49 


0.590 


90 


6311 


6069 


24.79 


2.49 


2.96 


2.23 


MSS006292 


17.39 


0.578 


85 


6354 


6111 


24.11 


2.47 


3.11 


2.25 


MSS006442 


17.46 


0.592 


85 


6378 


6133 


27.19 


2.16 


3.10 


2.32 


MSS006561 


17.37 


0.583 


71 


6259 


6012 


27.97 


2.25 


3.71 


2.25 


MSS006632 


17.40 


0.606 


78 


6284 


6039 


43.34 


2.24 


3.41 


2.49 


MSS006666 


17.30 


0.598 


82 


6258 


6011 


25.77 


2.20 


3.22 


2.21 


MSS006761 


17.48 


0.594 


100 


6293 


6050 


36.64 


2.01 


2.65 


2.41 


MSS006851 


17.32 


0.601 


92 


6144 


5853 


34.65 


1.99 


2.89 


2.27 


MSS006924 


17.35 


0.578 


86 


6424 


6219 


24.63 


2.03 


3.09 


2.31 


MSS007267 


17.38 


0.605 


82 


6386 


6142 


26.77 


0.29 


3.24 


2.32 


MSS007413 


17.37 


0.573 


95 


6205 


5932 


29.16 


1.89 


2.80 


2.23 


MSS007626 

» T 1 V-J V-J V./ V 7 / V/ V/ 


17.42 


0.582 


89 


6314 


6073 


32.63 


2.07 


2.97 


2.37 


MSS007823 


17.39 


0.597 


96 


6365 


6112 


25.90 


0.75 


2.76 


2.29 


MSS007830 


17.34 


0.587 


98 


6390 


6153 


21.61 


0.21 


2.71 


2.22 


MSS007874 


17.41 


0.591 


70 


6310 


6072 


32.99 


2.52 


3.79 


2.37 


MSS008138 


17.44 


0.590 


106 


6314 


6076 


24.81 


1.69 


2.50 


2.23 


MSS008427 


17.41 


0.582 


80 


6305 


6063 


33.80 


1.96 


3.31 


2.38 


MSS013089 


17.42 


0.597 


84 


6281 


6034 


20.88 


2.17 


3.16 


2.13 


MSS013492 


17.48 


0.618 


95 


6231 


5961 


29.25 


1.97 


2.78 


2.25 


MSS013620 


17.31 


0.601 


97 


6215 


5938 


31.20 


1.77 


2.73 


2.27 


MSS013907 


17.44 


0.600 


90 


6231 


5962 


30.52 


1.22 


2.93 


2.27 


MSS014243 


17.38 


0.606 


86 


6295 


6052 


32.17 


2.40 


3.07 


2.34 


MSS01 S 1 61 


17.50 


0.609 


79 


6181 


5901 


31.05 


2.43 


3.37 


2.24 


MSS015364 


17.36 


0.609 


80 


6444 


6251 


18.24 


0.05 


3.32 


2.18 


MSS016174 


17.36 


0.589 


80 


6423 


6218 


31.74 


2.09 


3.32 


2.43 


MSS016301 


17.32 


0.621 


94 


6259 


6009 


30.20 


1.96 


2.81 


2.29 


MSS016358 


17.47 


0.602 


76 


6407 


6170 


30.22 


2.33 


3.47 


2.39 


MSS016481 


17.40 


0.594 


48 


6078 


5770 


37.25 


3.35 


5.44 


2.26 


MSS016718 


17.41 


0.584 


86 


6258 


6010 


21.23 


2.23 


3.09 


2.12 


MSS016850 


17.44 


0.588 


84 


6372 


6118 


34.32 


1.65 


3.16 


2.43 


MSSO 17006 


17.40 


0.590 


70 


6305 


6066 


29.76 


2.47 


3.76 


2.31 


MSS017148 


17.37 


0.599 


102 


6323 


6088 


30.38 


2.10 


2.61 


2.34 


MSS017355 


17.33 


0.588 


125 


6281 


6036 


33.90 


1.67 


2.12 


2.36 


MSS018410 


17.32 


0.591 


99 


6320 


6083 


33.49 


2.34 


2.68 


2.38 



Table 2. Continued. 
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Star Name 


V 


B-V 


SNR 


7efF,3D 


Teff.lD 


EW 


SEW a 


(JEW* 


A(Li) NLTEj 3 D 










(K) 


(K) 


(mA) 


(mA) 


(mA) 


(dex) 


MSS019380 


17.42 


0.587 


77 


6253 


5989 


33.22 


2.03 


3.45 


2.33 


MSS019711 


17.40 


0.588 


82 


6255 


5996 


30.00 


2.14 


3.22 


2.28 


MSS019748 


17.50 


0.598 


89 


6386 


6142 


35.23 


2.32 


2.98 


2.46 


MSS019966 


17.48 


0.592 


77 


6360 


6114 


28.85 


2.10 


3.44 


2.34 


MSS020053 


17.48 


0.617 


63 


6377 


6129 


27.29 


2.43 


4.21 


2.32 


MSS020239 


17.44 


0.590 


62 


6115 


5824 


32.65 


2.96 


4.25 


2.22 


MSS020289 


17.45 


0.603 


100 


6349 


6109 


35.75 


2.32 


2.66 


2.44 


MSS020400 


17.42 


0.604 


116 


6372 


6126 


26.84 


1.98 


2.29 


2.31 


MSS020449 


17.42 


0.590 


69 


6248 


5982 


28.55 


2.15 


3.84 


2.25 


MSS020824 


17.32 


0.574 


89 


6381 


6141 


26.87 


1.87 


2.98 


2.32 


MSS020882 


17.48 


0.582 


65 


6233 


5971 


26.68 


2.35 


4.08 


2.21 


MSS024313 


17.38 


0.597 


78 


6389 


6145 


35.88 


2.10 


3.39 


2.47 


MSS024953 


17.46 


0.603 


93 


6027 


5704 


24.28 


2.28 


2.86 


2.01 


MSS025117 


17.31 


0.591 


91 


6260 


6013 


23.43 


1.90 


2.90 


2.17 


MSS025164 


17.43 


0.596 


86 


6251 


5986 


22.38 


1.04 


3.10 


2.14 


MSS025647 


17.31 


0.597 


121 


6400 


6160 


34.88 


1.68 


2.20 


2.46 


MSS026667 


17.45 


0.577 


90 


6283 


6036 


38.17 


2.31 


2.94 


2.42 


MSS029201 


17.41 


0.627 


80 


6083 


5776 


22.67 


1.90 


3.30 


2.02 


MSS029608 


17.48 


0.585 


80 


6192 


5910 


32.80 


2.68 


3.31 


2.28 


MSS036470 


17.50 


0.610 


77 


6319 


6083 


34.19 


2.20 


3.44 


2.39 


MSS036731 


17.35 


0.595 


101 


6414 


6183 


24.50 


1.91 


2.63 


2.30 


MSS037695 


17.40 


0.571 


66 


6260 


6010 


25.19 


2.19 


4.01 


2.20 


MSS037993 


17.45 


0.601 


95 


6290 


6050 


39.23 


1.84 


2.79 


2.44 


MSS038318 


17.36 


0.584 


100 


6237 


5975 


29.88 


1.88 


2.64 


2.27 


MSS044623 


17.40 


0.587 


89 


6283 


6039 


23.78 


1.88 


2.97 


2.19 


MSS047718 


17.48 


0.592 


69 


6235 


5967 


34.07 


2.90 


3.83 


2.33 


MSS049487 


17.43 


0.598 


71 


6222 


5948 


28.61 


2.11 


3.73 


2.23 


SGB001167 


15.94 


0.587 


108 


6339 


6213 


25.91 


1.73 


2.46 


2.29 


SGB001953 


15.96 


0.604 


86 


6361 


6220 


30.33 


2.06 


3.09 


2.39 


SGB002243 


15.94 


0.602 


91 


6286 


6162 


37.28 


0.19 


2.90 


2.43 


SGB002302 


15.89 


0.614 


120 


6236 


6112 


41.04 


0.08 


2.22 


2.44 


SGB002675 


15.88 


0.603 


109 


6232 


6109 


36.24 


1.53 


2.44 


2.38 


SGB002902 


15.95 


0.578 


102 


6205 


6078 


29.19 


1.79 


2.61 


2.25 


SGB002930 


15.95 


0.584 


111 


6126 


5994 


36.83 


1.64 


2.39 


2.31 


SGB003140 


15.95 


0.580 


77 


6100 


5963 


31.59 


2.73 


3.42 


2.21 


SGB003332 


15.88 


0.608 


69 


6161 


6038 


43.92 


2.64 


3.82 


2.42 


SGB003371 


15.96 


0.579 


94 


6380 


6236 


36.79 


1.91 


2.82 


2.50 


SGB003553 


15.86 


0.621 


82 


6059 


5916 


48.03 


2.25 


3.22 


2.39 


SGB003556 


15.90 


0.615 


68 


6161 


6036 


39.42 


2.25 


3.88 


2.37 


SGB003678 


15.91 


0.589 


117 


6164 


6038 


35.58 


1.71 


2.27 


2.32 


SGB003852 


15.95 


0.585 


47 


6018 


5870 


34.99 


4.16 


5.61 


2.20 


SGB003854 


15.89 


0.603 


104 


6362 


6223 


34.34 


1.62 


2.54 


2.45 


SGB003930 


15.95 


0.582 


106 


6267 


6126 


30.19 


1.88 


2.51 


2.31 


SGB004063 


15.84 


0.629 


68 


6114 


5986 


50.36 


2.35 


3.90 


2.46 


SGB004228 


15.87 


0.613 


98 


6111 


5980 


45.68 


1.82 


2.72 


2.41 


SGB004239 


15.84 


0.596 


118 


6041 


5897 


35.74 


1.84 


2.24 


2.23 


SGB004288 


15.93 


0.584 


65 


6435 


6297 


34.79 


2.55 


4.05 


2.51 


SGB004474 


15.86 


0.603 


110 


6134 


6009 


38.83 


1.85 


2.40 


2.34 


SGB004549 


15.94 


0.588 


90 


6255 


6129 


26.77 


1.97 


2.96 


2.25 


SGB004699 


15.83 


0.613 


95 


6245 


6119 


36.03 


2.03 


2.80 


2.39 


SGB004904 


15.84 


0.598 


68 


6254 


6131 


48.52 


3.19 


3.86 


2.55 


SGB005126 


15.88 


0.602 


85 


6151 


6026 


49.90 


0.35 


3.12 


2.48 


SGB005198 


15.89 


0.596 


75 


6097 


5960 


44.66 


2.40 


3.52 


2.38 


SGB005333 


15.88 


0.608 


106 


6163 


6036 


34.28 


1.58 


2.50 


2.30 


SGB005417 


15.94 


0.572 


90 


6259 


6134 


32.01 


1.78 


2.96 


2.34 


SGB005556 


15.82 


0.620 


110 


6114 


5987 


56.41 


1.61 


2.41 


2.52 



Table 2. Continued. 
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Star Name 


V 


B-V 


SNR 


7efF,3D 


Teff.lD 


EW 


SEW a 


(JEW* 


A(Li) NLTEj 3 D 










(K) 


(K) 


(mA) 


(mA) 


(mA) 


(dex) 


SGB005765 


15.84 


0.600 


99 


6199 


6073 


21.75 


1.65 


2.66 


2.11 


SGB005947 


15.92 


0.588 


95 


6217 


6092 


36.11 


1.86 


2.78 


2.37 


SGB006102 


15.86 


0.582 


70 


6363 


6222 


26.95 


3.05 


3.78 


2.33 


SGB006281 


15.89 


0.619 


122 


6161 


6037 


25.36 


1.77 


2.17 


2.15 


SGB006305 


15.86 


0.600 


96 


6232 


6110 


39.47 


2.03 


2.78 


2.42 


SGB006463 


15.93 


0.594 


141 


6284 


6159 


40.38 


1.55 


1.88 


2.47 


SGB006585 


15.97 


0.577 


109 


6382 


6237 


28.64 


1.65 


2.44 


2.37 


SGB006625 


15.84 


0.603 


88 


6135 


6012 


49.56 


2.04 


3.02 


2.47 


SGB006673 


15.96 


0.586 


98 


6167 


6038 


31.72 


1.81 


2.72 


2.26 


SGB007322 


15.95 


0.579 


108 


6221 


6089 


34.99 


1.91 


2.45 


2.35 


SGB007495 


15.84 


0.591 


88 


6059 


5923 


43.71 


1.96 


3.01 


2.34 


SGB007501 


15.86 


0.579 


86 


6135 


6008 
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Fig. 7. Comparison between 3D effective temperatures of the observed 
stars and the ID effective temperatures derived from colors by Lind 
et al. (2009). Filled circles and open circles correspond to dwarf and 
subgiant stars, respectively. The dashed line shows the one-to-one re- 
lationship. Since our stars have been selected in a B - V range of 0.06 
mag, their temperature range should be of, at least 250 K. It could be 
larger due to stars being moved into our selection box by photomet- 
ric and reddening uncertainties. There is no plausible reason why this 
range should be as small as that implied by the Lind et al. (2009) effec- 
tive temperatures (~ 80K. 
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Fig. 8. Comparison between 3D effective temperatures and B-V 
colours of the observed stars. Filled circles and open circles correspond 
to dwarf and subgiant stars, respectively. The lack of correlation be- 
tween B-V and effective temperature is consistent with photometric 
errors and reddening variations. 



